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Abstract: Benzo[alpyrene (BaP) is a representative compound of polycychic aromatic hydrocarbons exerting cytotoxicity and
genotoxicity in the huwman hver, lung, stomach and skin. However, the toxic effect of BaP on cervical tissue remains unclear.
This study was carried out to investigate the toxic effects of BaP on the cervix of ICR mice. Female mice were treated with
BaP by intraperitoneal injection and oral gavage at a dose of 2.5, 5 and 10 mg/kg body-weight, twice a week for 14 weeks.
BaP treatment caused a significant increase in the levels of MDA and 116 with sigmificantly increased activity of CYPIAL,
creating kinase and aspartate aminotransferase {AST} and decreased activity of glutathione-S-transferase in the cervix and
fiver. The relative cervix weight was markedly reduced in the intraperitoneal BaP injection groups, whereas ounly a shight reduc-
tion was observed m the oval gavage groups The increase in weight decreased with increasing BaP dose. Moreover, BaP treat-
ment nduced significant pathomorphotogical changes in the cervical tissue and increased the mortality of the mice Taken
together, these results suggest that BaP causes a certain toxic effect on cervical tissue.

Polycychic aromatic hydrocarbons (PAHSs) are by-products of
any incomplete combustion of organic material and are pres-
ent in the diet, the workplace and i the environment.
Benzo[alpyrene (BaP) is the representative compound of
PAHs and a well-known carcinogen [1-3]. BaP is subject to
biotransformation into radical cation and BaP-7, 8-diol-9,
10-epoxide (BPDE) by enzymes of the P450 system, espe-
cially cytochrome P4501A1 (CYPLAL) This procarcinogen
epoxide derivation is the essential carcinogenic metabolite
covalently bound to the guanine base of the BNA [4]. In
addition, it can be catalysed by the enzyme diydrodicl dehy-
drogenases into the reactive and redox-active BaP-7, 8-dione
[5.6].

Reactive oxygen species (ROS) are also produced during
the biotransformation of BaP [1,7]. Our defence against ROS
damage is the enzymatic and non-enzymatic antioxidant
defence systems that allow scavenging of ROS. Glutathione-
S-transferase (GST) is an antioxidant enzyme that conju-
gates with redoced ghutathione (GSH), an important reaction
feading to the detoxification of xenobiotic reactivity [3].
Lipid peroxidation (LPO) can occur by exposure to various
carcinogens including BaP and may be invelved in cances,
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ageing, neurodegenerative discase, malaria and arteriosclero-
sis as well as in other pathological events in living organisms
[8l.

It is now well-established that persistent cervical infec-
tion by high-risk huwman papillomavirus (HR-HPV) types is
a major cause of cervical cancer. However, only a small
fraction of HP-HPV-infected women develop cervical can-
cer, indicating that other co-factors may also be involved
in this process. Cigarette smoking is the one among these
co-factors. Epidemiclogical studies have imphicated cigarette
smoking as an independent risk factor for the development
of cervical cancer, with odds ratios ranging from 1.8 to 4.3
[9,10]. Tobacco smoke is a complex mixture of at least
4000 different agents, and many of its ingredients, such as
nicotine, cotinine, BaP and 4-(N-methyl-N-nitrosamino)-
1-(3-pyridyly-t-butanone, which are potent inducers of car-
cinogenesis, have been detected in the cervical mucus of
women [11-14]. Topical application of BaP to the cervix
induces squamous cell carcinoma in mice and hamsters
[14,15]. However, the exact mechanism of BaP toxicity on
cervical tissue iz still not fully understood. The aim of this
study was to investigate the toxic effects of BaP on bio-
markers and morphological changes in cervical tissue of
female ICR mice.

Materials and Methods

Chemicals. Benzofalpyrene (BaP, 98% purity) was purchased from
Sigma (St. Lows. MO, USA). Aspartate aminotransferase {(AST)
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and creatine kinase {CK ) kits were obtained from Hangcheng Binlog-
ical Co. Lid., Nanjing. Jiangsu, China. Trichloroacetic acid {(TCA},
-thioharbituric acid (TBA), GSH and 1-chloro-2, 6-dinitrobenzene
were obtained from Promega (Madison, WI, USA). [L-6 mmulite
chemiluminescent enzyme immunometric assay was bought from Tm-
mulite; DPC, Los Angeles, CA, USA. All other reagents used were
of analytical grade and purchased locally (China).

Animals and housing Female ICR mice (18-22 g) were purchased
from the Experimental Animal Center of Xi'an Jactong University,
Shaanxi Province, China. The mice were kept in a cross-ventilated
animal room at 22 £ 2°C, with relative humidity of 50-60%, and a
12-hr light/dark cycle with free access to conventional laboratory
feed and water. The mice were acclimatized for at least 1 week before
the beginning of experimental procedures. The experiments on ani-
mals were performed based on the amimal ethics guidelines of the
Institutional Aunimal Ethics Committee.

Experimental design. Benzofalpyrene was dissolved in sesame oil
shortly before oral gavage or intraperitoneal injection. The animals
were randomly divided into two groups: the intraperitoneal injection
group and the oral gavage group. Each group was further divided
mto five subgroups: control, vehicle, low-dose BaP (2.5 mg/kg body-
weight), middle-dose BaP (8§ mg/ke body-weight) and high-dose
BaP (10 mg/kg body-weight) subgroups. BaP was administered
twice a week via intraperitoneal injection or oral gavage. The vehicle
subgroup received an equal volume of sesame oil twice a week, and
the control subgroup remained vnireated until the termination of the
experiment. For the determination of biomarkers of LPO, GST,
CYPIAL CK, AST and TL-6, 100 mice (10 mice X 10 subgroups)
were enrolled. Another 260 mice {26 mice X 1 subgroups) were used
for BaP-induced pathological study. The observation for biomarkers
and pathological assays lasted for 14 weeks. Several mice died
becavse of BaP treatiment during the experimental period, so the
number of mice in the groups was reduced to 10 or 26 to coustitute
equality.

Determination of LPO levels and GST acrivity. Lipid peroxidation
was assayed according to the method of Wright er ol [16]. The reac-
tion mixture, in a total volume of 1.0 ml, contained .58 mL phos-
phate butfer (0.1 M, pH 7.4). 0.2 mL tssue homogenate (10%, w/v),
0.2 ml ascorbic acid (160 mM) and 002 mL ferric chloride
{100 mM) and was incubated at 37°C in a shaking water bath for
1 hr. The reaction was stopped by the addition of 1.0 mlL TCA
{10%, w/v), followed by the addition of 1.0 mL TBA (0.67%, w/v)
and subsequent placement of all the tubes in a boiling water bath for
20 min. Finally, the tubes were shifted to an ice-bath and centrifuged
at 2500 = g for 10 min. The optical density was measured at 532 nm
by a spectrophotometer.

Glutathione-S-transferase activity was determined as described by
Habig and Jakoby [17). The reaction mixture contained 0.1 mol/L.
PBS (pH 6.5), 30 mM GSH, 30 mM I-chioro-2, 6-dinitrobenzene
and tissue homogenate. The optical density was measured at 340 nm
by the spectrophotometer.

Determination of 7-ethoxyresorufin-O-desthylase { EROD) activity, The
activity of the CYP1Al enzyme was measured using the EROD
activity. Briefly, individual cervical and hepatic tissues were homoge-
nized in we-cold solution (0.25 M sucrose, 0.1 M Tris—HCL | mM
EDTA, PH 7.4} The microsomal fraction was separated by ultra-
centrifugation. and the coliected pellet was further dissolved with
1 mb of 20% glycerol solution {pH 7.4} containing 0.1 M Tris-HCL,
I mM EDTA and 0.25 M sucrose. Microsomal EROD activity was
determined by the method of Pohl and Fouts [I8]

Detection of the activities of creatine kinase, aspartate aminotransferase
and interleukin-6 (11-6) levels assay. Creatine kinase and AST were
measured with an assay kit according to the mamafacturer’s instruc-
tions. AST was determined based on the ability of the enzyme to

form pyruvate, which reacts with 2, d-dinitrophenylhydrazine
hydrochloric acid. The assay tube contained 0.1 mL sample and
0.5 mL matrix solution of AST {160 mM K, HPO,e3H.O, 100 mM
KH,PO,, 200 mM aspartate, 20 mM  o-ketoglutaric acid, 0.1%
NaN;)h The tubes were incubated in a water back of 37°C for 1 hr.
Then, 0.5 mL 2, 4-dinitrophenyihydrazing solution (100 mM HCL
1.0 mM 2, 4- dinttrophenylhydrazine) was added and maintained at
37°C for 20 min. Finally, 5.0 mL (.40 M NaOH was added at room
temperatore and kept for 10 min. Absorbance analysis was measwred
at 505 nm.

Creatine kinase activity was measured by an N-acetyleysteine
(MNAC)-activated kit. This is based on the ability of CK to form
ATP which reacts with glucose to produce glucose-6-phosphate (G-
6-P). catalysed by hexokinase (HK). In the presence of G-6-P dehy-
drogenase (G-6-PDH). resultant G-6-P further reacts with NADP™
to formm WADPH. Briefly, the reaction mixture contained 8.0 pl.
sample. 320 pl. R {containing 10 mM WNADPE 25 mM ADP
25 mM glucese, 3800 U/L HK, 1900 U/L G-6-PDH, 20 mM
NACY The tubes were maintained at 37°C for S min. Hereafter,
80 pl R2 (38 mM creatine phosphate disodium) was added and
maintained at 37°C for 3 min. After 3 min., the CK activity was
determined by the conceniration of NADPH measured at 340 nm.

For the 1L-6 protein concentration assay, cervical tissues were col-
fected and homogenized immediately after centrifugation at 400 x g
for S min. and the supernatant was retrieved. The blood samples
were collected, and sera were prepared. Protein levels of I1-6 were
expressed as picograms of cytoking per milligram of total protein
{pg/mg protein). Protein concentrations of the supernatant were
determined by the Bradford procedure [15] using bovine serum albu-
min as standard. Cyiokine IL-6 protein analysis was performed
employing an Immulite Automated Analyser (Diagnostic Products
Corp., Los Angeles, CA, USA), using the commercially available im-
mulite chemiluminescent enzyme mmmunometric assay according to
the manufacturer’s instructions.

Light microscopic examination of cervix. The tissue specimens were
obtained from different doses of BaP-treated and control mice.
Avchival pavaformaldehyde-fixed. pavaffin-embedded blocks were
retrieved, and serial sections of S-pm thickness were prepared. The
sections were deparaftinized by washing twice in xylene for 15 min.
and twice in ethanol for 5 min. The tissue samples were stained with
haematoxylin and eosin (H-E} for routine histopathological examina-
tion. All sections from the experimental animals were observed and
photomicrographed under light microscope {Olympus BX-51, Tokyo,
Japan) by two histologists blinded to the study.

Statistical analysis. Al values are expressed as mean + ST The
analyses were performed with the SPSS 13.0 software package. The
analysis of variance was applied for the comparison of the means of
the different treatment groups. The data were processed by Dunnet’s
post-hoc test, and p < (.05 was accepted as significant difference.

Resulis

Effects of BaP on body-weight, relative cervix weight and
mortality.
Treatment of the mice with BaP produced a decrease in
activity, appetite and body-weight and an increase in mortal-
ity. Mice mortality is shown in table . In the BaP-treated
oral gavage subgroups, the mortality was 0%, 3.85% and
7.69%, respectively. In the intraperitoneal injection sub-
groups, the mortality was 3.85%, 11.54% and 15.38%,
respectively.

The effects of BaP on body-weight of ICR mice are shown
in fig. 1A,B. The nitial body-weights were not significantly
different among the experimental groups. The control body-
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Table 1.
Effect of the pathomorphological changes in cervical uterine tissues of each subgroup induced by BaP

Groups Numbers' /(mortality %) NE EH AH "
Ip. ingection
Control 26 (G} 26 [ 0 3
Vehick control 26 {0} 25 1 ] 4
2.5 mg/kg 25 {3.85) 19 5 i 11
5.0 mg/ke® 23 (1158 14 6 3 15
10 mg/kg* 22 {15.38) 10 7 5 18
Oral gavages
Control 26 (B 26 O 0 2
Vehicle control 26 () 26 0 it 3
2.5 mg/kg 26 (0 22 4 ¢ 16
50 mg/kg® 25 (3.85) 17 6 2 12
10 mg/kg* 24 (7.69) 13 7 4 18

1p injection, intraperitoneal injection; NE, normal epitheliun; EH, epithelial hyperplasia; AH, atypical hyperplasia; IR”, number of inflazma-

tory response mice; BaP, benzofajpyrene

"Number of animals using HE assay in treatment subgroups.
“Mortality of each group is shown as percentage in parenthesis.
*Significantly different from concurrent control group at p < 0.05.

weight was the highest at all stages after 3 weeks of treat-
ment. The body-weight increased before 6 weeks and then
decreased till the end of week 10 in the BaP-treated groups.
In addition, the increase in body-weight decreased if the dose
of BaP was increased.

As the initial body-weights and those of each week dif-
fered among the experimental groups (fig. 1AB), cervix
weight was expressed relative to body-weight (milligram per
gram for the cervix), which is a more sensitive biomarker to
measure cervix dysfunction. The effects of BaP on the rela-
tive cervix weight of JCR mice are shown in fig. 1C. The rel-
ative cervix weight decreased slightly in the oral gavage
groups as well as in the low-dose BaP-treated intraperitoneal
injection subgroup, while a significant decrease {p < 0.05)
was observed in the middle-dose and high-dose intraperito-
neal injection subgroups of the BaP-treated animals.

Effects of BaP on EROD and GST activities and MDA levels.

Figure 2 illustrates the effect of BaP on EROD and GST
activities as well as MDA levels in cervix and liver of the oral
gavage and intraperitoneal injection groups, respectively. The
activity of EROD and MDA levels increased significantly
and dose dependently (p < 0.001) in the BaP-treated groups
compared with the control groups. Meanwhile, the activities
of ST decreased significantly (p < 0.05, p <0.01 and
p < 0.001, respectively) in the BaP-treated groups compared
with the concurrent controls. Additionally, GST activity
decreased with increasing BaP dose.

Effects of BaP on CK and AST activities.

The effects of BaP on CK and AST activitics in cervix and
serum are depicted in fig. 3. BaP administration resulted in a
significant elevation in CK and AST activities as compared
to the concurrent control groups (p < 0.05, p < 0.01 and
p < 8.001, respectively). Similar to the change in EROD
activity, CK and AST activities were higher with increasing
BaP dose.

Effects of BaP on pathological evaluation and I1-6 assay.

The effects of BaP-induced cervical injury were also apparent
by histopathological examination. Figure 4 shows the HE-
stained cervical epithelial tissue. In the control and vehicle
control groups, cervical epithelium had normal architecture
(fig. 4A). In the BaP-treated mice, pathomorphological
changes, such as squamous epithelial metaplasia, cervical
epithelial hyperplasia and atypical hyperplasia {fig. 4B-D),
were exhibited in the cervix. Compared with the control
groups (table 1), BaP exposure led to significant (p < 0.05)
pathogenesis in cervical tissue but not in the groups treated
with low-dose BaP Inflammatory cells (fig. 4B-D)} were also
observed in the sections of BaP-treated mice. To further
study the mechanism of BaP-induced inflammatory
response, we assaved the concentrations of [1-6 protein in
cervix and serum. The concentrations of IL-6 were signifi-
cantly higher (p < 0.05, p < 0.01 and p < 0.001, respectively}
in the BaP-treated groups versus the concurrent controls
(fig. 3}. In addition, partial fibrosis change in stroma was
also observed {fig. 5B) in the BaP-treated groups as com-
pared to normal cervical tissue in the control or vehiclke
groups (fig. 5A). The number of inflammatory response mice
was increased with the increasing dose of BaP (table 1).

Driscussion

Epidemioclogical reviews have addressed the risk factor or
dependent factor of cigarctte smoke exposure on cervical
cancer [12]. However, the toxic effects of the important com-
ponent of cigarette simoke (BaP) on biomarkers and on path-
ological changes in cervical tissue have not been studied
extensively as yet. The purpose of the present investigation
was to examine the changes in toxic biomarkers through the
activitics of CYPIAL, GS8T, AST, CK and the levels of LPO,
1L.-6 as well as the relative cervix weight of mice. Addition-
ally, morphological changes of cervical tissue were examined
on HE-stained sections by light microscopy.

@ 2011 The Authors
Basic & Clinival Pharmacology & Toxicology © 2011 Nordic Pharmacological Society. Basic & Clinical Pharmacology & Toxicology

ED_006137A_00053006-00003



4 MEILI GAO ET AL

=

£

=)
}

..... g Control
- - Vahicle ] i
5 Lc.»w dose
-0~ Middie dose
@ —#— High dose
-
=
2
@
E
>
°
2
0
15 T T H T ' T ! : ] \

0 1 Z 3 4 5 g 7 8 g 10 1“!
Treaiment period {week}

B 40 - Control
1= - Vehicle
@ Low dose
35 -1 ——o-- Middle doss

- High dose

Body weight {g}
8

25 -

20 T T T T T T T T T T 1
a 1 2 3 4 5 4] 7 g g 10 11

Treatment period {weeld

<124
[ 1 Ormigavage

. XY 1P, injection
10
2 - T
£ ..
=
@
=
& 6-
-
&
Q
5 4
@
=

2 —

Q 1 t : 1

C Vv L i e
Treaimenis

Fig. 1. Effects of benzo{alpyrene (BaP) on body-weight and the rela-
tive cervix weight of the experimental groups. (A) Oral gavage, (B)
Intraperitoneal injection. Fach point represents the mean body-
weight per mouse group. All measurements of body-weight from
week 3 were siguificantly increased {p < 0.05) except for the high
dose of oral administration at weeks 9 and 10 compared with con-
current controls, respectively. (C) ICR female mice were intraperito-
neally irgected or orally gavaged with BaP (L low dose, 2.5 mg/ke;
M: middle dose, 5 mg/kg H: high dose, 10 mg/kg) twice a week for
14 weeks. C: control, untreated group; V. sesame oil group. Lp.:
mtraperitoneal. CW: cervix weight; BW: body-weight. Values are
mean & 3.0, n = 7. *p < 0.05 versus concurrent control.

Comparison of body-weights between control and BaP-
treated amimals revealed that the body-weights of mice were
affected by BaP The findings imply that the increase rate of
body-weight in mice is retarded by BaP. The likely explana-
tion for this may be the neurotoxicity induced by BaP in the
experimental groups. Several recent studies have reported
mhibition of acetylcholinesterase and cholinesterases (ChE)
after BaP exposure. This inhibition may have severe reper-
cussions i functions determinant for the survival and
performance of the organism, such as feeding, predator
avoidance, swimming and survival to toxicant exposure [20-
22]. Hence, mortality increases with increasing doses of BaP.
These findings suggest that BaP caused injury to the mice,
which 18 in agreement with previous studies.

The metabolic activation of BaP occurs through the dihy-
drodiol epoxide and the orthoquinone pathways. The initial
BaP oxidations are catalysed by P450s of the CYPJ gene
family. The mduction of the CYPIAL enzymes in different
tissues has been used as a biomarker indicative of toxicity by
measuremenis of FROD activity {23,24]. In this study,
EROD activity in the cervix was significantly increased dur-
ing BaP treatment. This observation is in accordance with
previcus studies showing that BaP caused induction of
CYPIAL in other organs such as liver and lung [23,25].

Previous studies have reported that many kinds of inter-
mediate metabolites as well as a great deal of ROS are pro-
duced in the process of biotransformation of PAHs
including BaP, and this further induces oxidative damage
through the significant increase in MDA level and carbonyl
content [5-7]. LPO is a well-established biomarker of oxida-
tive damage caused by ROS, which is cytotoxic and acts as a
twmour promotor or a co-carcinogenic agent. The measure-
ment of MDA provides a convenient index of LPO [6]. In
the present study, higher levels of MIXA were demonstrated
in the BaP-treated groups as compared to the control
groups, and the differences were statistically significant.
These results indicate that BaP treatment caused oxidative
damage and loss of membrane integrity [1,3,26]. It is well
known that free radicals participate in BaP epoxidation and
these probably caused the increased MDA cxcretion after
BaP exposure. In our study, the content of MDA in the
BaP-treated groups was higher than in the concurrent con-
trol groups, indicating that their cervixes suffered from seri-
ous oxidative damage.

Generally, GST plays a crucial role in the detoxification
processes through the conjugation with GSH catalysing the
endogenous substances and xenobiotics {27}, Our study dem-
onstrated significantly low GST values in cervical tissue after
BaP adwministration. A previous study showed that the inhi-
bition of the GST activity below its basal level would pro-
mote the generation of ROS, with a cascade of effects on the
functional and structural integrity of cells and organelie
membranes [28]. This further reduced the capacity to detox-
ify BaP and increase the vulnerability to oxidative stress
[2,29] The results of LPO and GS8T are in accordance with
the reports showing that in cervical cancer patients, increased
oxidative stress leads to consumption and depletion of
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Fig. 2. The effects of henzofalpyrene (BaP) on CYPLAL and glutathione-S-transferase activitics and MDA contents in cervix and Hver. JCR
female mice were intraperitoncally injected and orally gavaged with BaP (2.5 mg/kg, low dose; § mg/kg, middle dose; 10 mg/kg, high dose,

respectively) twice a week for 14 weeks. Lp. intraperitoncal. Values are mean £ 8D, o= 7.

versus concurrent control, *¥¥p < 0.01 versus concurrent control.

endogenous antioxidant enzyvmes such as S0D, CAT and
GST {30,311

We also assessed the clinical-chemical parameters inchud-
ing UK and AST in the cervix of BaP-treated mice. CK is an
important enzyme of the aerobic metabolism of the cells that
catalyses the conversion of creatine to phosphocreatine. AST
can catalyse the reversible transfer of an amino group from
aspartate to [v]-ketoglutarate to form glutamate and oxalo-
acetate. Our study shows that the activities of AST increased
significantly in the BaP-treated groups as compared to the
control groups. A study performed on Wistar rats noted
increases in AST and ALT enzyme activities after BaP treat-
ment [32], whereas another study performed on F-344 rats
indicated no difference in AST activities between the control
and BaP-treated groups [33]. In our study, AST changes are
in accordance with the former study but differ from the latter

*p < 0.05 versus concurrent control, *¥p < 0.01

one. Similarly, the activities of CK also increased signifi-
cantly in the BaP-treated groups suggesting that CK activity
was mduced by BaP in cervical tissue. Scanty literature is
available about the effects of BaP on the activities of AST
and especially CK on cervical tissue, which needs to be eval-
pated [urther. On the other hand, some studies have sug-
gested that an increase in CK and AST activities may
correlate with the degree of endometritis in cows [34,35].
Therefore, we studied the inflammatory cell infiltration in
the cervical tissue of BaP-treated mice, and then an inflam-
matory response was observed. The increase m inflammation
appears to be responsible for the formation of ROS, DNA
adduct during the metabolite of BaP and the induction of
inflammatory chemokine, monocyte chemoattractant pro-
tein-1 (MCP-1) or other molecules [36-39]. To further inves-
tigate this inflammatory response, we measured the levels of

@ 2011 The Authors

Basic & Clinival Pharmacology & Toxicology © 2011 Nordi

¢ Pharmacological Society. Basic & Cl

cal Pharmacology & Toxicology

ED_006137A_00053006-00005



6 MEILI GAO ET AL

=

Cervix
. injection
Jral gavage

CK activity (Uimg protein)

L
Treatments

Cervix

£ 100 4 . injaction

Q 7z 2]
= ral gavage

2

2 80 -

o
=
=5 80+
z
T 404
b 204
Q

g+ 4 .
c v L N H
Treatments
Carvix )
14 | gavage

e P injection

= 12

z

[}

e

[N

jo]

=

B

2

&

=

c

Y L M H
Treatments

8
Serum
180 A Cral gavage
160 -p. injection
£ 140 4
= 120 4
=100 -
o]
e
© 40
20 4
g - -
L
Treatments
Serum
160 | Orai gavage
140 .p. injection

AST activity (Ul

o} 4 L M
Treatments

Serum

Cral gavage
injection

60 -

A
}

50 -

Sl

40

30 4

IL-8 (py

20 A
10 4

C v L M H
Treatments

Fig. 3. The effects of benzofalpyrene (BaP) on creative kinase (CK), aspartate aminotransferase {AST) activities and 1L-6 Jevels in cervix and
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Values are mean £ 3D, n = 7. %p < (.05 versus concurrent control, **p < (.01 versus concurrent control, **¥p < 0.01 versus concurrent control.

pro-inflammatory cytokine 1L-6. Higher levels of IL-6 were
observed in the BaP-treated groups and may provide a
pro-inflammatory potential to BaP in cervical tissues of the
BaP-treated groups. Further studies on the inflammation
associated with BaP in the cervical tissue may be necessary
to fully understand the underlying pathways.

The toxic effects even as carcinogenesis of PAHs including
BaP were induced in multiple organ sites [40] such as liver and
Tung. As previously described, BaP is subject to biotransfor-
mation into radical cation, the reactive and redox-active BaP-
7. 8-dione, BPDE [4-6]. The significant increase in FROD
activity, MDA content and the significant decrease in GST
activity in liver further demonstrated that liver, as the signifi-
cant metabolite site, is the central organ that plays a pivotal
role in activation and elimination of toxic xenobiotics {41 .42].
In the present study, BaP-induced hepatotoxicity was also
expressed as a significant increase in the activities of AST and

CK and the IL-6 levels in serum as reported in other studies
{43,441

In the light microscopic examination, a series of pre-can-
cerous lesions were observed in cervices of the BaP-ireated
groups, showing that BaP can cause different injuries to the
cervical tissue epithelium. Furthermore, we also found a par-
tial fibrosis change in stroma of cervical tissue in these
groups. This finding is consistent with that of Yee ef al [45]
who reported BaP-highlighting effects of inflammation and
fibrosis. This might be due to the changes in LPO and the
oxidative stress caused by BaP leading to fibrogenesis [46].
Regarding the relative cervix weight, we found a decrease in
the ratio of cervix weight/body-weight. The decrease ratio i3
in line with the partial fibrosis in the stroma as this phenom-
enon also occurs in atrophic uterus [47]. Therefore, it is sug-
gested that BaP may affect the function of cervix or cause
the hypo-function of cervix [48].
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Fig. 4. Pre-cancerous fesions in cervical epithelium of mice induced by benzofajpyrene. By light microscopic examination (hasmatoxylin + cosin,
magnification =400} normal cervical epithelial tissue in controls (A), squamous epithelial metaplasia (B), cervical hyperplasia (), atypical

hyperplasia (D).

Fig. 5. Fibrosis changes of mouse cervical tissue induced by benzolalpyrene (BaP). By light microscopic examination (haematoxylin + eosin,
magnification x400}): normal cervical epithelium tissue in control or vehicle control {A). representative image of fibrosis in cervix (B) observed in

the tissue section from BaP-treated mice.

In summary, this study shows that prolonged BaP expo-
sure to mice couwld adversely affect the cervical tissue
through the increase in activities of CYPIA, CK and AST
and in levels of LPO and 1L-6 as well as the decrease in
activities of GS8T and the relative cervix weight. The
changes of these cervical biomarkers occurred accompanied
by the toxic effect of BaP in liver, which has previously
been well demonstrated. Moreover, pathomorphological
changes and the decrease in body-weight also provide new
evidence for the toxic effects of BaP As BaP is a main car-
cinogenic and mutagenic component of tobacco smoke, the
results in this study partially support the epidemiological
studies, which closely correlate the relationship of cigarette
smoke as a co-factor or risk factor for the development of
cervical cancer.
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